Abstract
Antibacterial and Antiplaque Effects of a Novel, Alcohol-Free Oral Rinse with Cetylpyridinium Chloride
Antimicrobial agents are commonly incorporated into hygiene products for the treatment and prevention of plaque and gingivitis. Recently, a new alcohol-free rinse containing 0.07% cetylpyridinium chloride (CPC) in a high bioavailable matrix (Crest ® Pro-Health Rinse) was introduced to provide antiplaque and antigingivitis ® benefits. This paper reviews results from an in vitro pre-clinical study and an o in vivo clinical study evaluating o the antibacterial and antiplaque benefits of this CPC rinse technology. In the in vitro experiment, a no-alcohol o 0.065% high bioavailable CPC prototype rinse was evaluated for its hostility against a broad range of microorganisms commonly associated with plaque and gingivitis. The rinse demonstrated greater than 99% germ kill for all organisms tested individually as well as in whole saliva. The benefit of this antibacterial action on plaque inhibition was assessed in a clinical trial. A double-blinded, 3-period, 6-sequence crossover study was conducted evaluating the antiplaque effect of the novel 0.07% high bioavailable, alcohol-free CPC rinse versus a positive control (Listerine ® Cool Mint containing essential oils) and a negative control (placebo CPC rinse). A ® modification of the Addy 4-day plaque model was used for this evaluation. Plaque was measured at baseline (Day 1) of each treatment period and at Day 4 using the Turesky modification of Quigley-Hein index. During the treatment period, subjects brushed only their lingual surfaces twice daily for up to 60 seconds. Following brushing, subjects used 20 mls of the mouthrinse product for 30 seconds in the morning and evening. Fifty-five subjects completed the study. For non-brushed sites, both the essential oils and CPC rinse exhibited a 25% reduction in plaque vs. placebo after four days of product usage, which was statistically significant (p < 0.0001). Both treatments also exhibited a statistically significant benefit versus placebo (p<0.0001) for brushed sites (>38% plaque reduction). These data support the antibacterial action of the high bioavailable,
Introduction
Gingivitis, the earliest form of periodontal disease, is reported to affect more than 75% of adults and in some populations approaches 100%. 1 One of the primary causative factors in the development of gingivitis is inadequately controlled plaque. [2] [3] [4] Therefore, educating patients on methods to control plaque and plaque-induced gingivitis should continue to be a priority for dental professionals.
While mechanical plaque control is found to be an effective way to control gingival inflammation 5 , many individuals find it difficult or impossible to comply with the exact level of plaque removal required. Use of chemotherapeutic treatments to remove plaque is one way to overcome the human limitations that impede adequate mechanical plaque removal. Over-the-counter rinses are easily accessible to patients for use as adjunctive therapy to help control plaque and gingivitis between dental visits.
Recently, an alcohol-free oral rinse product (Crest ® Pro-Health Rinse) was developed for ® the treatment of plaque and gingivitis based on formulating the antimicrobial ingredient alcohol-free CPC rinse and demonstrate antiplaque effects for Crest Pro-Health Rinse that are "at least as good as" the leading essential oils antiseptic, making it well-suited for a broad range of patients, particularly those who are sensitive to products containing alcohol. each subject were combined to produce the saliva sample.
Keywords
The following procedures were followed for the kill kinetic assay:
1. The ATCC strains for representative organisms were used in the kill kinetic study after their second or third pass in the medium of choice. In case of Culti-Loops (Remel) one loop was inoculated in the medium of choice and incubated under appropriate growth conditions. In each case the inoculum was enumerated at the beginning and at the end of the assay. The dilutions plated were 10x 3 , 10x 5 , and 10x 7 . In the case of the pooled saliva sample, the same three dilutions were plated for enumeration of total organisms in the sample. 1.0 mL of inoculum was introduced into 9.0 mL of the test product and the contents were mixed by vortexing. 2. Aliquots of 1.0 mL were withdrawn and expelled at 15, 30, 60, and 120 seconds after exposure into 9.0 mL of Tween Modified Letheen Broth (TMLB; Difco, Catalog # 263010; 0630-17) to give a 10x 1 dilution. 3. Further 10x 3 and 10x 5 dilutions of the above (in step 2) were prepared in 0.9% sterile saline solution (0.1 mL of the diluted organism + 9.9 mL of saline). 4. All three dilutions were spiral-plated on appropriate growth medium and incubated under optimum growth conditions. 5. All plates were counted using an automated colony counter and the results reported as colony-forming units per milliliters (cfu/ mL). For the kill kinetics, the cfu/mL for the 10x 1 , 10x 3 , and 10x 5 dilutions were averaged for each experimental set, which was then used to calculate the log cfu/mL. The log cfu/mL value for each of the test products was next subtracted from the log cfu/mL for the Water Control to yield a log reduction in cfu/mL post exposure of the representative organism to the test products. A percentage reduction in cfu was also calculated and reported for each test product with respect to the Water Control. cetylpyridinium chloride (CPC) into a high bioavailable mouthrinse matrix. CPC has a long heritage of use as a broad-spectrum antimicrobial against oral bacteria. It was one of only three antimicrobial systems to be classified as safe and efficacious for the treatment of plaque-induced gingivitis, when formulated within a concentration range of 0.05 and 0.10%, by the FDA Plaque Subcommittee following a six year review of over 40 active ingredients. The other two active ingredients were stannous fluoride and essential oils. CPC acts primarily by penetrating the cell membrane, which causes leakage of components in the cell, disruption of bacterial metabolism, inhibition of cell growth, and finally cell death. 6, 7 This paper reviews results from an in vitro pre-clinical study and an in vivo clinical study o evaluating the antibacterial and antiplaque benefits of the alcohol-free, high bioavailable CPC rinse technology.
Methods and Materials

Pre-clinical in vitro Study
The in vitro study used a kill kinetics model, which o has historically provided an appropriate measure of the efficacy of actives and products. The kill kinetics assay is based on the time taken by the test product to kill the representative microorganism. A faster kill indicates greater efficacy of the test product.
This model was used to evaluate the in vitro antio microbial hostility of an experimental alcohol-free rinse containing 0.065% high bioavailable CPC and a negative control (sterile water) against a range of organisms commonly associated with plaque and gingivitis:
• Actinomyces viscosus
A pooled saliva sample, based on stimulated saliva collected from six subjects (10 mL per subject), was also tested. Equal volumes from
Streptococcus sanguinis Fusobacterium nucleatum Prevotella intermedia
Clinical Trial
This study used a double-blinded, 3-period, 6-sequence crossover study design to evaluate the antiplaque effect of the novel CPC rinse versus a positive and negative control. The design employed a 4-day partial-brushing model consisting of three 4-day test periods with a minimum 10-day washout between each period. 8 The following test products were evaluated in the study:
• An experimental, alcohol-free, high bioavailable 0.07% CPC rinse (Crest ProHealth Rinse) • Positive control: a commercial essential oils mouthrinse containing 21.6% alcohol (Cool Mint Listerine ® ) • Negative control: CPC placebo rinse
The target population was healthy adults with a minimum of 20 scorable natural teeth including at least four molars.
Subjects were excluded for the following reasons: medical condition requiring premedication; antibiotic use within 2 weeks of first treatment period; history of allergies or hypersensitivity to mouthrinse containing CPC or essential oils; inability to comply with protocol; orthodontic appliances interfering with obtaining 20 gradable teeth; and/or rampant caries, open or untreated caries, severe gingivitis, or advanced periodontitis requiring prompt treatment. Subjects agreed not to receive a dental prophylaxis and to refrain from using antibiotics, any non-study dentifrice or other oral hygiene products (e.g., floss, chewing gum) for the study duration.
Subjects who met all inclusion/exclusion criteria received a prophylaxis and were instructed to brush their teeth according to their normal routine using acclimation products -a standard sodium fluoride dentifrice (Crest ® Cavity Protection) and ® an American Dental Association (ADA) manual reference toothbrush -until the pre-treatment phase started.
Beginning three days prior to any treatment period, subjects were instructed to brush only the lingual surface of their teeth for up to 60 seconds twice a day using the standard dentifrice and the ADA manual reference toothbrush. Subjects abstained from chewing gum, flossing, using toothpicks, eating, drinking, or performing any oral hygiene after 11:00 p.m. the evening before the baseline visit.
At the baseline visit of each treatment period, a plaque exam was conducted followed by a polishing on the lingual and buccal surfaces of the teeth. Subjects were then randomly assigned to one of the six treatment sequences and provided usage instructions. Subjects were instructed to brush their lingual surfaces only twice daily for up to 60 seconds using the provided acclimation products. Following brushing, expectoration of dentifrice slurry, and a subsequent water rinse, subjects used 20 mls of the mouthrinse product for 30 seconds in the morning and evening approximately the same time every day. In addition, the evening before the last treatment day (Day 4), the tooth brushing and mouthrinse usage were to be completed by 11:00 p.m. Subjects were asked to refrain from any oral hygiene, eating, and drinking after brushing the evening before the final visit until after the final plaque exam. On the final day of each treatment period (Day 4), subjects were examined for plaque and instructed to return to their normal oral hygiene habits using only the acclimation products provided for the washout period.
The Turesky modification of the Quigley-Hein Index was used in plaque scoring (see Table 1 ). 9, 10 The plaque examinations were scored on all 28 teeth (excluding 3rd molars, crowns, and surfaces with cervical restorations). The examiner generated a plaque score for the buccal and lingual surfaces of each tooth. The same examiner was used for all plaque examinations. Buccal and lingual surfaces were evaluated separately.
A whole mouth average plaque score was calculated on a per-subject basis separately for brushed (lingual) and unbrushed (buccal) surfaces by totaling the scores and dividing by the number of surfaces examined. The whole mouth average plaque scores were modeled and the study hypotheses tested using an analysis of covariance model for cross-over designs, with baseline score as the covariate and terms in the model for treatment, period, subject, study cohort, and carryover. The 6-sequence study design (ABC, BCA, CAB, ACB, BAC, and CBA) is optimal for separation of treatment and first-order carryover effects. If carryover effects were found to be non-significant (p>0.10), the term was dropped from the model. Separate models were fitted for brushed and unbrushed surfaces. All pairwise treatment comparisons were made with respect to whole mouth average plaque. Comparisons to the Placebo rinse treatment were 1-sided with the alternative hypothesis in the direction of less-efficacy for the Placebo rinse treatment. The comparison of the CPC rinse treatment to the positive control treatment was 2-sided. All evaluable data were included in the statistical analysis. Table 2 shows results of the kill kinetic study after 30 seconds of exposure of the representative organism to the test product. The 0.065% alcohol-free CPC rinse demonstrated excellent antimicrobial hostility against the organisms. Greater than 99% germ kill was observed for all the organisms and stimulated whole saliva.
Results
Pre-clinical in vitro Study
Clinical Trial
Fifty-nine subjects met the entrance criteria and were enrolled in the study, 55 of whom completed all three treatments. Subjects ranged in age from 22-58 years, with a mean age of 38.1 years. The study population was comprised of 88% Caucasians, 7% Asian Orientals, 3% Blacks, and 2% Asian Indians. Sixty-six percent of all subjects were female (Table 3) .
Results for non-brushed (buccal) sites are presented in Table 4 . The baseline mean score for all subjects was 2.75. After four days of product usage following a dental polishing, the mean plaque scores for the placebo, essential oils, and CPC treatments were 2.73, 2.06, and 2.06, respectively. Both the essential oils and CPC treatments exhibited a 25% reduction in plaque vs. placebo, which was statistically significant (p < 0.0001).
Results for brushed sites (lingual) are presented in Table 5 . The baseline mean score for all subjects was 1.60. At the end of treatment, the placebo, essential oils, and CPC treatments had mean scores of 1.09, 0.60, and 0.67, respectively. Both treatments exhibited a statistically significant benefit (45 and 39%, respectively) versus placebo (p<0.0001). The mean difference between the essential oils and CPC rinses was not statistically significant (p=0.2).
Results for the "whole mouth" (brushed and nonbrushed sites combined) are presented in Table  6 . The baseline mean score for all subjects was 2.18. At the end of treatment, subjects in the placebo, essential oils, and CPC groups had mean plaque scores of 1.91, 1.34, and 1.37, respectively. Both treatments exhibited a statistically significant benefit (30 and 28%, respectively) versus placebo (p<0.0001) and were not statistically different from each other (p=0.55). It has been proposed that if a 95% one-sided confidence interval on the mean difference between a test and reference treatment is less than a clinically meaningful level, the test treatment is "at least as good as" the reference treatment.
11 Using this methodology, a statistical test was conducted to determine if the CPC rinse was "at least as good as" the essential oils rinse (positive control/reference) in reducing whole mouth plaque. Defining a clinically meaningful difference as 10% of the negative control mean, the 0.07% CPC rinse satisfies the statistical criterion and is "at least as good as" the essential oils antiseptic mouthrinse with respect to whole mouth plaque.
No adverse events were reported in the trial.
Discussion
These results support the antibacterial and antiplaque benefits of the novel, alcohol-free, high bioavailable 0.07% CPC rinse (Crest ProHealth Rinse). In the pre-clinical evaluation an experimental rinse with slightly lower levels of CPC (0.065%) showed broad spectrum high bioavailable CPC are associated with greater biological activity and also suggest these formulations would have a higher probability of showing clinical efficacy. 16 The novel product has been formulated to have > 76% CPC bioavailability, thereby fulfilling the requirements for a safe and efficacious CPC oral rinse for the treatment of plaque-induced gingivitis, as suggested by the FDA.
Conclusions
• The no-alcohol, high bioavailable CPC rinse formulation demonstrated a wide spectrum of antimicrobial activity.
• The CPC rinse showed significant antiplaque benefits in vivo, reducing plaque on brushed surfaces by 39% and on non-brushed surfaces by 25% versus placebo. These benefits were "at least as good as" those provided by a positive control, essential oils mouthrinse.
• The lack of alcohol in the formulation makes it a suitable adjunctive therapy for a broad spectrum of patients.
antimicrobial activity, demonstrating hostility against microbes commonly associated with plaque and gingivitis. Greater than 99% germ kill was observed. The direct, antimicrobial effects of the 0.07% CPC mouthrinse used in the clinical study on a common motile oral pathogen is shown in the accompanying video.
This antibacterial activity translates into an in vivo benefit, as demonstrated by the 0.07% o CPC rinse's inhibition of plaque growth in the clinical trial. The clinical study showed significant benefits for the CPC rinse relative to placebo on both brushed and non-brushed surfaces with plaque reductions of 39 and 25%, respectively. The observed effectiveness of the CPC rinse on the non-brushed surfaces supports its usefulness in assisting patients to control plaque in those areas of the dentition where they have difficulty brushing or flossing. To better gauge its effectiveness and ultimate usefulness for clinical practice, the CPC rinse was statistically evaluated to determine if it was "at least as good as" that of an essential oils antiseptic mouthrinse which has published antiplaque efficacy ranging from 19.5 -56.1% depending on the nature of the study. [12] [13] Using stringent criteria for a clinically meaningful difference, the 0.07% CPC rinse was found to be "at least as good as" the essential oils antiseptic mouthrinse with respect to whole mouth plaque.
Not only does the novel CPC rinse deliver therapeutic benefits, but the lack of alcohol in the formulation makes it suitable for a broad range of patients. Most over-the-counter rinses contain between 5-22% alcohol, primarily for formulation purposes to assist in the solubilization of certain ingredients. The inclusion of alcohol limits their use among certain patient groups (e.g., children, diabetics, alcoholics, patients with xerostomia, members of certain religious faiths). The new CPC rinse also provides gingival health benefits without the burn of alcohol, which encourages patient compliance.
It is important to note common excipients added to commercial oral care formulations, such as surfactants, can diminish or even completely neutralize the antimicrobial activity of CPC. 14, 15 Published data show formulations with
